The experiment was conducted during the successive seasons of 2008/2009 and 2009/2010 at the Demonstration Farm of the Faculty of Agricultural Sciences, University of Dongola, Northern State, Sudan.
INTRODUCTION
Wheat production in the Sudan started thousands of years ago on the fertile soils of the banks of the Nile in the Northern and Nile River States. Attempts to extend the crop to the central irrigated plains south of Khartoum were made in 1918 and 1940 (Ageeb, 1993) . Wheat is Sudan's second most important cereal in terms of consumption, as the present annual consumption requirement for wheat is estimated at more than 1.5 million tones, the import requirement is estimated at about 1.26 million tones (FAO, 2001) .
Sudan is one of the developing countries, which suffers from wheat shortage. The shortage is created by the big gap between production and consumption. Besides the environmental conditions, the low yield of wheat in the Sudan is mainly due to low crop stand, untimely sowing, inadequate fertilizer use, poor water management and delayed harvests (Ageeb, 1993) .
Experiments in fertilization started since 1925 while commercial use began 1950, where Ammonium sulphate was used as a source of N. Urea as a source of nitrogen dominated since the 1960s. In the 1980s the use of triple super phosphate was introduced as a source of phosphate. This was followed late (mid 90s) by the use of complex or compound fertilizers, solid or in liquid form (Dawelbeit, et al. 2007 ).
The main objective of this experiment was to study the effect of fertilizer doses, types and application methods on the grain yield of wheat.
MATERIALS AND METHODS
The experiment was conducted during the successive seasons of 2008/2009 and 2009/2010 Experimental method is a split-split plot trial with four replications. The main plot was composed of tow methods of fertilizer application in randomized complete block design (RCBD). Subplots consisted of tow types of compound fertilizers. Sub-subplots consisted of four doses of each fertilizer.
The experiment included the following treatments: The seed of wheat cultivar Wadi El Neil (Giza 160) was obtained from Arab Sudanese Seed Company (ASSCO).
Weed control was done by hand weeding ten days after sowing and then as needed throughout the growing season. Irrigations were applied at 7 to 10 days intervals according to temperature range and need of the soil. An insecticide (Morisban 4) was used twice in both seasons to protect the experimental crop from aphids and termites attacks.
Yield components of wheat which were investigated in this study included:
1/ Number of grains/spike: The average numbers of grains per spike were counted from ten randomly selected spikes from the middle five rows of each plot and the average number of grains per spike was calculated.
2/ Thousand grain weight (TGW) (gm): Grain weight in grams was obtained by weighting 1000-grain selected at random from each plot two times.
3/ Spike index: The average spike weight was counted from ten randomly selected spikes from the middle five rows of each plot and the average yield of grains per spike was calculated.
Spike index = ((grain yield/spike) spike weight) 4/ Grain Yield (t/ha): Plot size was 3m×2m. Plot size consisted of eleven rows 3m long; when signs of maturity were clear on the plants (complete yellowing of leaves and spikes) one meter square of the five central rows was harvested for yield. Three outer rows and one meter from both sides of the five inner rows were discarded to eliminate border effects.
Grain yield per plot was converted to grain yield t/ha according to the following formula.
Grain yield (t/h) = Grain weight gm/ plot (factor) 100 5/ Harvest index (%): One meter square of the five central rows were cut from the surface of the ground and dried then weighted and the grain yield was recorded.
Harvest index = ((grain yield) (biological weight)) XThe data collected from the different treatment were subjected to analysis of variance (ANOVA) appropriate for randomized complete block design (Gomez and Gomez, 1984 ). Duncan's Multiple Range Test (DMRT) was applied for the separation of treatment means. All statistical analyses were performed using M-STAT-C program computer package.
RESULTS AND DISCUSSION
From the statistical analysis it was clear that there was no significant difference in number of grains per spike between the fertilizer doses in the first season but there were highly significant differences in the second season this result could be due to the residual effect of phosphorus applied at the first season (table 1).
The comparison between the fertilizer doses in the second season (as seen in table 1 and 2) showed that the application of 43 kg/ha increased number of grains per spike by 26% significantly over control, whereas the application of 86 kg/ha increased number of grains per spike by 47% over control. On the other hand, there was no significant difference in the number of grains per spike between the applications of 86 and 129 kg/ha. This result is supported by the finding of (Ali, 2007) who reported that added fertilizer forms had a highly significant effect on number of grains per spike.
From the results in table (2) it was clear that there was no significant difference in thousand grains weight between the fertilizer doses in both seasons. Similar results were obtained by Ali (1994) who found that no significant effects of nitrogen and phosphorus on thousand grains weight in maize. Also, similar results were found by (Mohammed, 1989) who reported that thousand grain weight was not significantly affected by adding phosphorus fertilizers and (Gill et al; 1970 , Vanchev, 1973 and Akasha, 1974 whom founded non significant effect of nitrogen application on thousand grain weight.
The results shows that there was no significant difference in spike index between the fertilizer doses in both seasons (table2), this may due to the increasing in grain and straw yield of spike by fertilizers application.
From the statistical analysis it was clear that there were highly significant differences in grain yield between the fertilizer doses in both seasons. The comparison between the fertilizer doses showed that the highest grain yield obtained by the application of 129 kg/ha, and there was no significant difference in the grain yield between the application of 43 and 86 kg/ha in the first season. On the other hand, there was no significant difference in the grain yield between the applications of 86 and 129 kg/ha in the second season (table 2). The same result was found by (Ali, 2007) who indicated that added fertilizer forms had a highly significant positive effect on grain yield. The same result was found by (Alam et al; 2005) .
The results showed that there were highly significant and significant differences in harvest index between the fertilizer doses in both seasons, respectively (table 1).
The comparison between the fertilizer doses showed that the control gave the highest harvest index and the application of 129 kg/ha gave the lowest one and this may be due to the increasing in straw yield is more than increasing in grain yield (table 2) . This result is supported by many workers; (Net and Dukhuis, 1987) reported that dry matter production during growth and final straw yields were increased by earlier nitrogen application. (Abdel Rahman, 1997) showed that addition of phosphorous significantly increased wheat straw yield.
It was clear that there were no significant differences between the fertilizer types in Yield and yield components in both seasons (table 3) . The similar results were found by (Ali, 2007) who reported that differences in these traits among the different added fertilizer types were not significant.
In both seasons the effects of application methods in yield parameters were not significant (table 4) . These results might be due to the control in fertilizers distribution under experimental conditions. Similar result was found by (Ibrahim, et al; 1991) who reported that there were no significant differences between the different methods of phosphorus application.
From the results of this study it can be concluded that:
1-Grain yield significantly positive increased with fertilizers doses but there was no significant difference between 86 and 129 kg/ha.
2-
There were no significant differences between fertilizer types on grain yield of wheat. Also, there were no significant differences between the application methods of fertilizer.
Table (1): F-value of the measured variables for the different fertilizer type (T), application (M) and doses (D) during (2008/2009 and 2009/ 2010) seasons.
** = significant at 1% level (highly significant) * = significant at 5% level (significant) n.s = not significant 
